CHAPTER-8 TRANSIENT HEAT AND MASS TRANSFER IN MICROSTRUCTURAL BOUNDARY LAYER FLOW FROM A POROUS STRETCHING SHEET

INTRODUCTION
In the polymeric extrusion processes the boundary layer flow in stretching sheets become time-dependent and it is necessary to consider unsteady flow models [139] . This is particularly so for impulsive stretching and where a narrow slit is involved [60] . Many showing that the surface shear stress and the heat transfer rate is an increasing function of unsteadiness parameter.
Many researchers have also investigated the unsteady heat and mass transfer from a stretching surface. This problem is also of great importance in polymeric processing since the presence of diffusing species can be used to manipulate the micro-structural characteristics of fabricated materials and assist in eliminating inhomogeneties and inconsistencies [139] . Shateyi et al. [183] described in detail the effect of thermal radiation on heat and mass transfer of a viscous Newtonian fluid over an unsteady stretching sheet.
Using the element free Galerkin method with a penalty function, Sharma et al. [178] computed solutions for transient heat and mass transfer in magnetized boundary layer flow.
The simultaneous effects of heat and mass transfer on the unsteady boundary layer flow of a second grade viscoelastic fluid bounded by a stretching sheet were reported by Hayat et al. [92] . Chamkha et al. [42] equations with three independent variables into dimensionless ordinary differential equations which have been solved numerically by using the variational finite element method (FEM). The influence of important parameters on velocity, micro-rotation, temperature and concentration functions has been depicted numerically. The numerical results for the skin friction, local couple stress, rate of heat transfer and rate of mass transfer have also been computed and tabulated for these parameters. The present study is of relevance to thermal polymer processing systems.
MATHEMATICAL MODEL
Consider the unsteady laminar boundary layer flow, heat and mass transfer of an incompressible micropolar fluid over a permeable stretching sheet. At time , 0  t the sheet is stretched impulsively with velocity ) , ( t x U w in its own plane, keeping the origin fixed in the ambient fluid. The origin of the stationary coordinate system is located at the leading edge of the sheet with the positive x -axis orientated along the sheet and the yaxis directed transverse to the sheet. Time-dependent suction is present normal to the stretching sheet. We further assume that the temperature in the free stream is  T and concentration of the micro-constituents (micro-elements) in the free stream is  H . The flow configuration and the coordinate system are shown in the Fig. 8 .1. Under the above assumptions the governing boundary layer equations for the problem under consideration may be presented as follows
The appropriate physical boundary conditions are prescribed below , , , 2 1 , , : 0 chosen so as to obtain a new similarity transformations which convert the governing partial differential equations into a set of ordinary differential equations and also achieve normalization (non-dimensionalization) of the boundary value problem.
The continuity eqn. (8.1) is satisfied by introducing a stream function  such that
The momentum, angular momentum, energy and concentration equations can be transformed into the corresponding ordinary differential equations by introducing the following transformations
The transformed nonlinear ordinary differential equations are
The corresponding boundary conditions (8.6) reduce to
where prime denotes the differentiation with respect to  , 
Using the similarity transformations given in (8.9) we obtain (8.22) and the corresponding boundary conditions (8.14) reduce to
It has been observed that for large value of ), 30 (  there is no appreciable effect on the results therefore for computational purpose infinity has been fixed as 30. The whole domain is divided into a set of n line elements of width n h e 30  .
VARIATIONAL FORMULATION
The variational form associated with eqns. (8.19)-(8.22) over a typical two-noded
is given by 
where i  are the shape functions for a typical
and are taken as
The finite element model of the equations thus formed is given in matrix-vector form by 
are the matrices of order 2×2 and 2×1 respectively and are defined as 
The system of equations obtained after the assembly of the element equations is nonlinear therefore an iterative scheme is used for solving it. The system is linearized by incorporating the functions f and h which are assumed to be known at a lower iteration 
RESULTS AND DISCUSSION
To provide a physical insight into the flow problem, rigorous numerical 
CONCLUSIONS
The objective of this investigation has been to analyze numerically the unsteady heat and mass transfer of an incompressible micropolar fluid over a permeable stretching sheet with variable suction, as a simulation of polymeric materials processing. Using a similarity transformation, the time-dependent governing boundary layer equations have been transformed into a set of nonlinear ordinary differential equations which are solved numerically using finite element method. Excellent correlation is also achieved with published results in the literature for Newtonian flows without species diffusion, and for the full micropolar case. From the present study it can be concluded that suction, unsteadiness and coupling constant (micropolar vortex viscosity) parameters significantly affect the velocity, microrotation, temperature and concentration distributions whereas Schmidt number affects the concentration distribution only. Numerical results have shown also that drag can be reduced effectively with micropolar fluids (as studied via an increase in the micropolar vortex viscosity coupling parameter) and injection. It has furthermore been observed that heat transfer rate (Nusselt number function) is enhanced with an increase in suction, unsteadiness and coupling constant parameters. Additionally heat transfer rate at the sheet surface has been found to be higher for micropolar fluids compared with Newtonian fluid. Thus with intelligent selection of these parameters, heating effects can be reduced. 
